The wetlands located at the periphery of Jimma town, southwestern Ethiopia, have critical roles in providing a range of ecological and socio-economic benefits, yet they are subject to increasing anthropogenic disturbances, notably through agriculture, settlement, intensive grazing and brickmaking. This study assessed the ecological status of these wetlands, and examined the scale of the human disturbances that local communities might impose on them. Macroinvertebrate communities, water quality parameters, and human disturbance scores were assessed. Except for electrical conductivity and water temperature, no significant difference (P < 0.05) was found in physico-chemical parameters between the sampled sites. Nitrate was the only parameter that correlated with significant influence on species richness of the sampled macroinvertebrates. A total of 10 metrics were used to generate the index of biotic integrity (IBI). This IBI was then tested based on macroinvertebrate data collected. Ways of assessing and evaluating the existing ecological status of the wetlands are discussed in the context of physico-chemical parameters, IBI based on macroinvertebrates and human disturbance scales.
Where S is the total number of taxa in a sample. The Jaccard Coefficient of Similarity (C) was calculated using the following equation: C = j ⁄ (a + b -c) Where j is the number of taxa common to both sites where as a and b are the number of taxa in site A and site B, respectively. This index is one of the most widely accepted measures used to examine similarity of pairs of sites in terms of taxa presence and absence (Magurran, 1996) . The Biotic Score to measure organic pollution in the investigated wetlands was calculated according to Hilsenoff (1998) Family Level Biotic Index (H-FBI) with the following formula: FBI = ∑[(TVi)(ni)] ⁄ N Where TVi is tolerance value for each species, ni is the number of individuals in a species and N is the total number of individual in the sample collection. However, as sensitive benthic taxa were not collected, the Hilsenhoff Family Level Biotic Index (FBI) may not be very diagnostic, but it gives some indication of organic pollution in wetlands. Interpretation of FBI scores to evaluate the water quality according to Hilsenhoff (1998) and tolerance values of macro invertebrates were adopted from Alden et al., (1995) . The ten metrics invertebrate IBI (Gernes and Helgen, 2002) were used to evaluate the status of the wetlands, and each metrics was tested against the physico-chemical parameters and human disturbances in the catchments. The whole data were described, summarized and analyzed using MINITAB 14 Statistical Software.
Estimation of Human Disturbance Score (HDS) from catchments land uses
An indicative of the broader range of human disturbances to wetlands is needed to capture the full range of the sources of stress to wetland health. The method of Gernes and Helgen (2002) was applied for assessing the degree of disturbances to the wetlands from the catchments land uses as a result of agriculture, forestry, settlement, grazing and brick manufacturing. Data on the nature and degree of a human disturbance gradient score (HDS) was estimated from the scoring sheets(Appendix 1), and scored as six factors; each was judged and scored in one of the four categories from best to poor. Linear regression analysis was used to see the relation of biological data to the human disturbance gradient.
RESULTS AND DISCUSSION Results
Physico-Chemical analysis pH values in all of the three sites were found deviating from the neutral pH value towards an acidic medium (pH< 7). The highest measured EC was recorded in Boye being about 1.6 and 1.8 times higher than that of Kitto and Koffe sites, respectively. It had also the highest measured Cl − level ranging from 10.8 -24.39mg L -1 , with a mean value of 17.6mg L -1 compared with Kitto and Koffe sites with mean values of 2.45mgL -1 and 0.45mg L -1 , respectively. In general, the median values for EC, TDS, water temperature, PO 4 3− and Cl − are larger for Boye than for Kitto and Koffe sites. The median values for NO 3 − and turbidity are larger for Koffe than for Boye and Koffe sites, but the value for DO is larger for Kitto than the other two sites. The highest measured mean values for all parameters except NO 3 − and turbidity levels were observed in Boye. Higher mean NO 3 − concentration was recorded at Koffe followed by Boye site while turbidity was larger at Koffe followed by Kitto site. According to one-way ANOVA test, the mean value comparisons indicate that there were no significant differences for pH, TDS, turbidity, PO 4 − , NO 3 − and Cl − measurements between the three sites. However, there were significant differences for EC and temperature between the three sites (One way ANOVA F 2 , 27 = 3.58, P < 0.05 for conductivity and F 2 , 27 = 2.17, P < 0.01 for temperature).
IBI Development
Macroinvertebrates species richness was found to be highest at Kitto site with 25 species, followed by Boye with 23 species and Koffe with 19 species (Appendix). Multiple regressions were used to determine which physico-chemical parameters most strongly affect the species richness and abundance of macroinvertebrates. Physico-chemical parameters (independent variables) were regressed against abundance and richness (dependent variables) for the three sites together, and the results are summarized and presented in Table 1 .
None of the nine physicochemical parameters had a significant positive influence on macroinvertebrate abundance. Nitrate (P < 0.05; R 2 = 0.996) was the only physicochemical parameter that had significant influence on the richness of the macroinvertebrates found in the study sites. The number of taxa in the three sites was subjected to diversity and evenness analysis. When species composition was compared among the three sites, diversity was highest at Boye site (H'= 2.68) with slight difference from Kitto (H' = 2.65) and lowest at Koffe site (H'= 2.48). Although Koffe site is the least diverse, its evenness (J' = 0.84) is comparable with Boye site (J'= 0.85). Though Kitto site is more diverse than Koffe and less diverse than Boye site, it is with less evenly distributed macroinvertebrates (J' = 0.82). The similarity index of macroinvertebrate in wetlands could reflect similar biological, physical, and chemical water quality characteristics needed for their existence. Jaccard Coefficient of Similarity index(C) is used to assess the similarities between the macroinvertebrates sampled in the study sites. The percent shared for C indices between Boye and Kitto, Boye and Koffe, and Kitto and Koffe sites were 71, 43, 75 and 57, respectively. When the three sites were compared with respect to Hilsenhoff FBI values, Kitto was the least with value of 5.82, followed by Koffe and Boye with 6.83 and 7.1, respectively (Figure 2 ). The data used to score each metric for total macro invertebrate samples and the individual metric scores for each metric and IBI scores for total macroinvertebrate samples are presented for the three sites ( Table 2 ). The Gernes and Helgen (2002) IBI score ranges indicate 35-50, 23-34 and 10-22 with Excellent, Moderate and poor condition ratings, respectively. The metric varied in the degree of response to the specific measures of physico-chemical parameters (Table 3) .
Estimated human disturbance score from catchment land use
The Human Disturbance Gradient Score (HDS) for Boye site was found to be about 1.85 times higher than Kitto, and about 2.8 times higher than Koffe site. However, all of the ten Invertebrate Taxa Metrics did not show significant relationships to the human disturbance score in the three sites. The invertebrate IBI linear regressions with HDS gave 0.175, 0.962 and 0.925 for P-value, r and r 2 respectively. According to Gernes and Helgen (2002) , HDS ranges from 0 (no evidence of disturbance) to 100 for the most disturbed sites. The ranges 3-33, >33-67 and > 67-100 HDS can be considered as Journal of Wetlands Ecology, (2009) Vol. 3, pp 77-93 ISSN: 2091-0363, Open access at www.nepjol.info/index.php/jowe Wetland Friends of Nepal the least disturbed, mid-disturbed (impaired wetlands) and the most disturbed sites, respectively. Accordingly, Kitto and Koffe sites were found to have low HDS scores with 21 and 14 points, respectively. As both sites scored in the range 3-33 points, they are categorized as the least disturbed while Boye site scored relatively high HDS with 39 points, and is categorized as mid-disturbed wetland. Linear regression of the overall invertebrate IBI scores showed no relationship with the HDS.
Discussion
Physico-chemical analysis The deviation from the pH level of neutrality (< 7) in the three sites could be due to the formation of acid forming compounds by the decomposition of organic matter from the catchment areas. As observed from the result, there are acid forming compounds such as Cl − , NO 3 − and PO 4 3− with varying levels which might have got washed away from catchments (grazing land, agricultural land, etc) to the wetlands. Dissolved Oxygen (DO) is an indicator of a water body's ability to support aquatic life; hence, it is essential for good water quality. Its amount is directly related to the population size and community of aerobic bacteria the aquatic system can support (Jackson and Myers, 2002) . According to United States Environmental Protection Agency (USEPA, 2000), DO > 5 mg L -1 is considered favorable for growth and activity of most aquatic organisms; DO < 3 mg L -1 is stressful to most aquatic organisms, while DO < 2 mg L -1 does not support fish life. Thus, when the mean concentration of DO measured at the three sites was compared according to the standard set by USEPA, the concentrations at Boye and Kitto sites (6.34 and 6.21mg L -1 respectively) were considered to be favorable for aquatic life, while the mean concentration at Koffe site (1.69mg L -1 ) indicates that the water at Koffe wetland is unfavorable for aquatic life. Boye site was found to support two fish species namely Tilapia zilli and Oreochromis niloticus whereas at Kitto site Oreochromis niloticus was recorded. Thus, the reason for the low DO measured at Koffe might be the nutrient content variation. Wetlands with higher nutrients may have low DO concentration by promoting plant growth. With regard to turbidity, Koffe showed the highest turbidity, followed by Kitto site. This could be due to the fact that Koffe has the highest wetland plant coverage. The variation in the level of EC is attributed to the dissolved solids in water (Bauder et al., 2003) . Therefore, TDS contents are directly related to the EC (Grattan, 2003) . This fact holds true for the sites where the change in TDS is directly related to the change in EC. According to FAO recommendation, the acceptable TDS concentration for livestock drinking is between 100-1,500 mg L -1 . The samples from Boye, Kitto and Koffe sites with mean TDS values of 139.60, 91.59 and 77.03 mg L -1 , respectively, fall within the acceptable range for livestock use. The higher conductivity seen in Boye site compared to the other sites might be due to fertilizers runoff from the catchments. Small amounts of Cl − are essential for plants and animal life in combination with a metal such as sodium. But, it has detrimental toxicity effect above the required limit. The mean concentration value of Cl − measured at Boye site is about 7.18 and 39 times higher than Kitto and Koffe sites, respectively. This variation might be due to the local rock types and the exposure of the large catchment area to the radiant energy to enhance evaporation throughout the year. According to Ellis (1970) , high Cl − concentration is associated with local rock types and temperature. This may indicate that the Boye site can pose negative impacts to aquatic life due to its high Cl − concentration. NO 3 − is highly soluble so that it may quickly reach water bodies from soi1, organic matter, manures, etc (Schmitt et al., 2002) . The required amount of NO 3 − in water for livestock drinking use is set as 100mg (Ayers and Westcott , 1976) . The NO 3 − concentrations in each site were measured low with mean values of 1.25, 0.61 and 2.41mg L -1 , respectively for the Boye, Kitto and Koffe sites. These values are much less than the minimum required set for livestock use. They are also less than the required concentration set for irrigation purposes. Therefore, the water in each wetland site meets the standard requirement set for livestock and agricultural uses from the NO 3 − concentration point of view. When compared between sites, NO 3 − was observed higher in Koffe than the other two sites. This difference could possibly be due to the artificial and natural fertilizers (plant residue and animal manures) runoff through non-point sources. It was observed that there are agricultural activities going on around Koffe applying compost manure as top dressing as well as the intensive grazing around the catchments. However, there is also probability that there can also be agricultural inputs run-off into Boye and Kitto wetlands with less levels of NO 3 − loading. In general the overall NO 3 − levels observed in the investigated wetlands were low. This might suggest that there are active N-fixing bacteria or there are wetland plants that utilize nitrates, thereby reducing the NO 3 − concentration. As studies indicate, PO 4 3-tends to be fixed to soil particles and therefore reach water bodies through soil erosion. Phosphates enter water bodies through man-made ways and contribute to surface water pollution due to algal blooms. According to Ayers and Westcot (1985) , the maximum allowable concentration of phosphate for irrigation water is 2mg L -1 . The mean concentration values of phosphate measured at each site are all well below the recommended level to use the water for irrigation purposes. The occurrence of slightly high concentration of PO 4 3-in Boye site might be due to Awetu River that crosses Jimma town carrying domestic waste discharges and phosphate detergents to the site in addition to fertilizers' runoff from the catchments. Generally as compared to nitrates, phosphates exhibit low concentration at each study site. As a whole, there is no significant difference between PO 4 3-concentrations in the three sites. The concentration ranges of 0.61-2.41mgL -1 and 0.05 -0.07mg L -1 for the nitrates and phosphates, respectively, indicate that the three sites are nutrient-poor wetlands. There is variation in temperature in the three wetlands, although they are in the same region. The vegetated wetlands are expected to have the lowest temperature because the wetland plants as well as the upland plantations cast shadow. In this regard, the three sites are all vegetated wetlands, but Koffe has the highest vegetation, and Kitto is more vegetated than Boye site. It is apparent that the water temperature of Koffe site (25.2 o C) could have been lowered due to cast by its thick coverage of wetland plants. However, the less vegetated Kitto site had the lowest temperature of (23.3 0 C). This might suggest an attribute to differences in sampling days and hours. The highest water temperature at Boye site might be due to its larger surface area and less exposure to shadow cast from upland plantations. It has also been observed that the site has some open waters directly exposed to the solar energy, which can attribute to the increase in temperature. The fact that Planorbiidae is found in all of the three sites means that the water quality of the wetlands is poor and shows a sign of pollution in the sites. Culicidae(female Anopheles) is the major vector of malaria, and was detected in the three sites. This shows that there are malaria problems in the areas. Chironomidae (non-biting midges) was detected in all sites, and this also showed that the sites are more or less in polluted environment. The lowest diversity of macroinvertebrates was detected in the vegetated Koffe wetland, which is dominated by Cyperaceae. This questions the conventional understanding of the effect of vegetation on aquatic organisms and also raises another question as to the effects of aquatic plants on the evenness of aquatic macroinvertebrates distribution. The vegetated Koffe wetland seems to have the lowest Shannon-Weiner evenness for macroinvertebrates. This might show that vegetation cannot be the factor in determining the highest macroinvertebrate diversity. However, distributions of plant species can affect invertebrate distributions. For example, different invertebrate communities are associated with different types of wetland plants (Wrubleski and Rosenberg 1990) . According to Heino (2000) , microenvironment species is lowest in wetlands with few aquatic plants. It might be the amount of organic substrata that could influence the diversity of macroinvertebrates. The presence of submergent and emergent macrophytes such as Typhaceae provide increased surface area for biofilm development, food for macroinvertebrate, and habitat for predators and other invertebrates requiring vegetation for oviposition ( De Szalay and Resh, 2000) . Boye is larger in size than the two sites. The difference in macroinvertebrates richness might be due to this size. Wetlands with larger surface area might have also larger drainage basins. This could result in greater nutrient input, which inturn could contribute to greater macroinvertebrate richness. Organic material in wetlands is important for macroinvertebrate community. The highest diversity of macroinvertebrate at Boye site could also be due to the amount of organic material. A wetland with significant quantities of organic material contains more macroinvertebrates (higher richness) than those that lack organic material. Change in the type and abundance of organic material alters macroinvertebrate communities (France, 1998) . Hessen (1992) found that 90% of the carbon required to support bacterial growth came from allochthonous organic material (leaf litter). In turn, these algal and bacterial communities are important food sources for macroinvertebrates in wetlands (Hamilton et al., 1992) . In general according to Cyr and Downing (1998) , a suite of plant factors including morphology, surface texture, epiphytic algal growth and community composition, nutrient content of plant tissues, and presence of defensive chemicals influence the abundance of macroinvertebrates. The similarity index indicated that there was a large overlap of macroinvertebrate taxa (taxa similarity) at Boye and Koffe sites. There were also a comparable percentage of taxa shared between Boye and Kitto sites. However, the similarity of macroinvertebrate taxa shared between Kitto and Koffe sites was lower than the other pairs. From the similarity index results, one can predict that the biological and environmental conditions are more similar between Boye and Kitto wetlands than the remaining pairs of wetlands. The water quality results and other biological data of this study also strengthen these scientific facts. Hilsenhoff FBI was used to assess the pollution status of the wetlands using macroinvertebrates. As shown in Table 4 , FBI value of 5.82 is in the range of 5.51-6.50 indicating the water quality of Kitto as Journal of Wetlands Ecology, (2009) Vol. 3, pp 77-93 ISSN: 2091-0363, Open access at www.nepjol.info/index.php/jowe Wetland Friends of Nepal fair with fairly significant degree of organic pollution. Koffe (FBI=6.83) and Boye (FBI=7.1) are both in between the FBI range of 6.51-7.50 indicating poor water qualities and significant degree of organic pollution. Nevertheless, the very low oxygen content of the Koffe site could be an obvious factor to some degree of organic pollution.
Macroinvertebrates and IBI testing
The Pearson correlation suggested that the total Invertebrate Taxa Metric was only weakly significant i.e. influenced negatively with NO 3 − concentration (P = 0.04, r =0.998), but did not show significant relationships to the rest of the physico-chemical parameters. Chironomidae, Odonata, snail and Intolerant Taxa metrics showed strong positive significant relationships with the DO only, each with P = 0.012, r = 1, but did not show significant relationship with the rest of the physico-chemical parameters. ETSD showed a strongly significant positive correlation with PO 4 3− concentration (P = 0.00, r = 1.0) while Corixidae proportion was weakly significant with EC (P=0.004, r = 1.0) and chloride (P = 0.03, r = 0.999). However, metrics such as Leech Taxa, Tolerant Taxa, and DOM did not show significant relationship with any of the nine physico -chemical parameters. The overall IBI score consists of the summation of the scores for the ten invertebrate metrics. The Invertebrate IBI scores also showed no relationship with physico-chemical parameters.
Using the scoring range rating criteria of 35 -50 as excellent condition, 24 -34 as moderate, and 10 -22 as poor condition, Boye site would be moderate while the other two sites are assessed to be in poor condition. Boye site having IBI result of 24 scored in the moderate range while Kitto and Koffe sites rated marginally in poor range having equal invertebrate IBI scores (22 each). The invertebrates will be expected to be more directly responsive to short-term changes in the wetlands water quality and to short term losses of wetland vegetation (Gernes and Helgen, 2002) . The IBI scores did not show significant impairment (P > 0.05) to any of the nine physico-chemical parameters.
Human Disturbance Score
The aquatic flora and fauna in wetlands can be affected by the degree of human disturbances in the catchment. Several studies indicate that catchment land use has a strong influence on wetland qualities. However, the IBI scores and the data for all of the individual metrics did not show significant impairment (P > 0.05) as measured by human disturbance scores. This shows that the different human activities such as agriculture, grazing, brick making, etc being undertaken in the catchments have not yet resulted in severe impacts to the status of the wetlands' current biological integrity.
CONCLUSION
The wetlands found in Jimma area are still playing a significant role in the livelihoods of the community. Even so, they have started to show signs of degradation as the result of the lack of appropriate management and wise use. A number of human activities may result in irreversible damage to the wetlands. However, if the degree of human activities continues to increase at its current lack of conservation and management practices, human activities in the catchments will result in greater reduction of flora and fauna species and will have negative impacts on the overall biological integrity and sustainability of the wetlands. Thus, implementing a catchment-based wetland management and conservation activity is very important to address the upcoming problems. Awareness creation on the sustainable management of wetlands within the farming communities, concerned government staffs (Hilsenhoff, 1988) 
